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SEAT BELT FORCE SENSOR SYSTEM 

RELAXED A PPT J CA TI ON 

[1] This application claims priority to provisional applications 60/203,778 filed on May 

12, 2000 and 60/207,503 filed on May 26, 2000. 

BACKGROUND OF THE INVENTION 

[2] Field of the Invention. 

This invention relates to a method and apparatus for measuring the force applied to 
a seat belt. Specifically, a sensor arrangement is mounted on a rigid plate secured between 
a seat belt portion and a vehicle structure to provide accurate seatbelt force measurements. 

[3] Related Art. 

Most vehicles include airbags and seatbelt restraint systems that work together to 
protect the driver and passengers from experiencing serious injuries due to high-speed 
collisions. It is important to control the deployment force of the airbags based on the size 
of the driver or the passenger. When an adult is seated on the vehicle seat, the airbag 
should be deployed in a normal manner. If there is an infant seat secured to the vehicle 
seat then the airbag should not be deployed or should be deployed at a significantly lower 
deployment force. One way to control the airbag deployment is to monitor the weight of 
the seat occupant. 

[4] Current systems for measuring the weight of a seat occupant are complex and 

expensive. One type of system uses pressure sensitive foil mats mounted within the seat 
bottom foam. Another system uses sensors placed at a plurality of locations within the seat 
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bottom. The combined output from the mats or the sensors is used to determine the weight 
of the seat occupant. If the sensors become damaged or fail to operate for some reason, the 
system will not provide accurate seat weight measurements and airbag deployment could 
occur under undesirable conditions. 

[5] Also mounting sensor systems within the seat can be difficult and time consuming. 

It is difficult to find mounting locations for each the sensors that will accommodate all of 
the various positions of a seated occupant while still providing accurate measurements. 
Further, shifting of the occupant on the seat can dislodge or move the sensors out of their 
proper location. Because the sensors are mounted within the seat bottom, it is difficult to 
reposition the sensors after the seat is installed in the vehicle. 

[6] Current sensor systems also can have difficulty determining whether an adult is 

belted to the seat or whether a child car seat is belted to the seat. When a child seat is 
secured to a seat with a seat belt, an excess force acts on the sensors mounted within the 
rear portion of the seat bottom, which interferes with accurate weight sensing. Over 
tightening of the seatbelt to securely hold the child seat in place, pulls the child seat down 
against the rear part of the seat bottom, causing the excessive force measured by the 
sensors. Due to this effect, the current weight sensing systems have difficulty in discerning 
between an adult belted to a seat and a child seat secured to the seat with a seat belt. 

[7] Thus, it is desirable to have a system for determining whether conditions are proper 

for deploying an airbag by determining whether a child seat or an adult is secured to the 
seat with a seat belt. The system should further work with traditional seat occupant weight 
sensing systems and should provide accurate measurements, be easy to install, and 
overcome the above referenced deficiencies with prior art systems. 
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SUMMARY OF THE INVENTION 

[8] A seat belt sensor system includes a load cell with a strain gage that is integrated 

into a seat belt mechanism that is used to secure an occupant to a vehicle seat. When the 
seat belt is tightened, the sensor is pulled into tension and this is measured by the strain 
gage. The strain gage measurements and signals are send to an electronics unit that 
processes the signals and feeds the signal back to an occupant sensing control unit. 
Occupant sensing control unit uses the information to determine whether a child seat or an 
adult is belted to the vehicle seat an ultimately controls the deployment of an airbag 
mechanism. 

[9] In a disclosed embodiment of this invention, the sensor assembly includes rigid 

member with a first end for supporting a seat belt portion and a second end for attachment 
to a vehicle structure, such as a B-pillar or seat mount, for example. The strain gage is 
mounted on the rigid member between the first and second ends and is used to measure the 
strain exerted on the rigid member by tension forces applied to the seat belt portion. An 
electrical connector is also mounted to the rigid member next to the strain gage. The 
electrical connector receives the strain measurements and transmits the measurements to a 
central processor to determine the magnitude of the tension force. 

[10] Preferably the rigid member is formed as a metallic plate that is defined by a length, 

width, and thickness. The length is greater than the width and the thickness is significantly 
less than the length and the width. The rigid member includes a neck portion positioned 
between the first and second ends with the width being less than the width of the first and 
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second ends. The strain gage is mounted on the neck portion and measures the strain 
resulting from tension forces exerted on the first end of the rigid member by the seat belt. 
[11] In a preferred embodiment, the sensor assembly is incorporated into an occupant 

sensing control system that controls deployment of safety devices such as an airbag based 
on the tension forces measured in the seat belt. The strain gage generates a signal 
representative of the tension forces in the seat belt and transmits the signal to an electronic 
controller or processor. The airbag is prevented from deploying if the signal exceeds a 
predetermined limit. 

[12] A method for controlling airbag deployment includes the following steps. The seat 

belt assembly is provided with a buckle strap attached to a male buckle member and a seat 
belt latch mechanism with a female receptacle for receiving the male buckle member to 
secure the occupant to the vehicle seat. The rigid plate has one end secured to a portion of 
the seat belt and an opposite end of the plate is secured to a vehicle structure with a strain 
gage mounted to the rigid plate between the ends. The male buckle member is latched to 
the female receptacle and a tension force is generated on the seat belt assembly by 
tightening the buckle strap. The strain is measured on the rigid plate due to the tension 
force with the strain gage. A tension force signal is generated based on strain measurement 
and deployment of an airbag is controlled based on the tension force signal. 

[13] The airbag is not deployed if the tension in the seat belt exceeds a predetermined 

limit. By measuring the tension in the seat belt a differentiation can be made between an 
adult belted to a seat and a child seat belted to the seat. Thus, deployment of the airbag can 
be more effectively controlled and will not be deployed when a child seat is belted in place. 
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[14] These and other features of the present invention can be best understood from the 

following specification and drawings, the following of which is a brief description. 

BRTEF DESCRIPTION OF THE DRAWINGS 

[15] Figure 1 is a schematic view showing a vehicle with an airbag system and an 

occupant sitting in a seat with the airbag in an active state shown in dashed lines. 

[16] Figure 2 is a schematic side view of a seat assembly with an infant car seat secured 

to the vehicle seat. 

[17] Figure 3 is a schematic front view of a seat and seat belt assembly. 

[18] Figure 4 is an overhead view of subject sensor assembly. 

[19] Figure 5 is a side view of the sensor of Figure 4. 

[20] Figure 6 is schematic diagram of the control system. 

[21] Figure 7 is a perspective view of an alternate embodiment of the sensor assembly. 

[22] Figure 8 is a side cross-sectional view of the sensor assembly mounted to a B-pillar. 

[23] Figure 9 is a perspective view of the sensor assembly of Figure 8. 

[24] Figure 10 is a perspective view, partially cut-away, of the sensor assembly mounted 

in a seat latch mechanism. 

DETAILED description of an fxfmpi ary embodiment 

[25] A vehicle includes a vehicle seat assembly, shown generally at 12 in Figure 1, and 

an airbag system 14. The seat assembly 12 is preferably a passenger seat and includes a 
seat back 16 and a seat bottom 18. A vehicle occupant 20 is secured to the seat 12 with a 
seatbelt 22. A tension force Ft is exerted on the seat belt 22. The tension force Ft 
represents the force is exerted against the occupant as the belt is tightened. 
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[26] The airbag system 14 deploys an airbag 24 under certain collision conditions. The 

deployment force for the airbag 24, shown as deployed in dashed lines in Figure 1 , varies 
depending upon the type of occupant that is belted to the seat 12. When an adult 20 is 
belted to the vehicle seat 12, the airbag 24 should be deployed in a normal manner shown 
in Figure 1. If there is an infant or child seat 26 secured to the vehicle seat 12, see 
Figure 2, then the airbag 24 should not be deployed. Thus, it is important to be able to 
determine whether there is an adult 20 belted to the seat 12 or whether an infant seat 26 
is secured to the seat with a seat belt 22. One way to determine this is by monitoring the 
tension exerted on the seat belt 22. When an adult 20 is belted to the seat, normal seat 
belt forces are exerted against the seat belt 22. When an infant or child seat 26 is belted 
to the seat 12, high tension forces are exerted on the seat belt 22 because the seat belt 22 
is overtightened to securely hold the child seat 26 in place. 

[27] The seat belt 22, shown more clearly in Figure 3, has a strap portion 28 that 

includes a shoulder harness and/or lap belt that is connected to a male buckle member 30. 
A seat belt latch mechanism 32 is hard mounted to the seat 12 and typically extends 
outwardly from the seat 12 between the seat back 16 and the seat bottom 18. The latch 
mechanism 32 includes a female receptacle 34 that receives the male buckle member 30 
to secure the occupant 20 or child seat 26 to the seat 12. The strap portion 28 can be 
manually or automatically tightened once the belt is buckled to a desired tension. 

[28] A sensor assembly 40 for measuring the tension forces in the seat belt 22 is 

shown in Figures 4 and 5. The sensor assembly 40 includes a rigid member that is 
preferably formed as a metallic plate 42 from 4130Rc39 material, however, other similar 
materials could also be used. The plate 42 includes a first end 44 that is attached via a 
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loop connection 46 to material that forms a portion of the seat belt 22 and a second end 
48 that is attached to a vehicle structure. The vehicle structure attachment will be 
discussed in greater detail below. 

[29] The plate 42 is defined by a length "1", a width "w" and a thickness "t". In the 

preferred embodiment, the length 1 is greater than the width w and the thickness t is 
significantly less than the width w and the length 1. The plate 42 includes a necked 
portion 50 positioned between the ends 44, 48 that is narrower than the ends 44, 48. A 
strain gage 52 is mounted on the necked portion 50. The tightening of the seat belt 22 
exerts a tension force Ft on the plate 42 via the looped connection 46, which results in 
strain on the necked portion 50. The strain gage 52 measures this strain. The strain gage 
52 is preferably a full bridge strain gage with four (4) grids. 

[30] The first end 44 of the plate 42 is preferably positioned at an angle relative to the 

necked portion 50 and the second end 48. This causes the tension force to be applied at 
an angle, which creates a moment Mt at one edge of the necked portion 50. The second 
end 48 of the plate 42 is hard mounted to a vehicle structure creating a reaction force F rea 
and moment M re a. The strain gage 52 measures the strain resulting in the necked portion 
50 of the plate 42 as the tension force Ft is applied to the first end 44 of the plate 42. 

[31] An electrical connector 54 is also mounted on the plate 42 adjacent to the strain 

gage 52. The strain measurements are generated as signals 56 that are sent from the gage 
52 to the connector 54 and then to an electronic control unit (ECU) or microprocessor 58, 
see Figure 6. The ECU 58 can be incorporated into the connector 54 to include the 
necessary electronics and printed circuit board (as shown in Figure 4) or can be a 
separate component at a remote location on the vehicle. The ECU 58 processes the strain 
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signals 56 to determine the magnitude of the tension forces Ft exerted on the seat belt 22 
and sends a control signal 66 to a central electronic control unit (ECU) or central 
microprocessor 60 to control deployment of the airbag 24. It should be understood that 
the ECU 58 and the central ECU 60 could be separate units or could be the same unit. 
An optional configuration for an electrical connector 62 is shown in Figure 7. This 
configuration includes a simplified wire connection 64 to the ECU 58 and/or 60. 
[32] As discussed above, the plate 42 is hard mounted to a vehicle structure. The 

vehicle structure can be a B-pillar 68 as shown in Figures 8 and 9 or the seat latch 
mechanism 32 as shown in Figure 10. The B-pillar 68 extends vertically to one side of 
the vehicle and is typically positioned adjacent to the seat 12 and behind a front 
passenger door of the vehicle. The B-pillar mount includes a secondary metal plate 70 
that includes a circular boss 72 for receiving a pivot pin 74 at one end 76. The opposite 
end 78 of the secondary metal plate 70 is mounted to the rigid metal plate 42 with at least 
one fastener 80. 

[33] The seat latch mechanism mount is shown in Figure 10. The second end 48 of 

the plate 42 includes at least one aperture 82 for receiving a fastener 84 to hard mount the 
plate 42 to the seat. The opposite end 44 of the plate 42 has an elongated slot 86 for 
connecting the plate 42 to the looped material, which extends to the female receptacle 34 
having a slot 88 for receiving the buckle member 30. 

[34] In both configurations, the strain gage 52 measure the strain caused by the tension 

force Ft in the seat belt 22. The airbag deployment is controlled based upon the strain 
measurements and the airbag 24 is not deployed if the tension force Ft exceeds a 
predetermined limit. An adult can experience a tension force in a seat belt up to 
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approximately 30 pounds (lbs) and still be comfortable. If the strain gage 52 measures a 
tension force Ft that exceeds 30 lbs than that would indicate that a child seat 26 has been 
belted to the seat 12. Thus, the airbag 24 would not be deployed during a collision under 
these conditions. It should be understood that 30 lbs is an approximate value, which can 
vary due to differing seat and seatbelt configurations. Thus, the predetermined limit for 
comparison to the measured tension force Ft can also vary depending upon the seat 
configuration. 

[35] The subject sensing system provides simplified and efficient apparatus and method 

for determining whether conditions are proper for deploying an airbag 24 by measuring 
seatbelt forces to discern whether a child in a child seat 26 or an adult is belted to the seat 
12. The system provides accurate measurements and is easy to install. 

[36] Although a preferred embodiment of this invention has been disclosed, it should be 

understood that a worker of ordinary skill in the art would recognize many modifications 
come within the scope of this invention. For that reason, the following claims should be 
studied to determine the true scope and content of this invention. 
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